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Abstract 

We studied the one-loop contributions of the gaugino-Higgsino-sector to 
the process of top-pair production via 77 fusion at NLC in frame of the Mini- 
mal Supersymmetric Model(MSSM). We find that the corrections to 77 ti 
and e~^e~ ^ tt are found to be significant and can approach to a 

few percent and one percent, respectively. Furthermore, the dependences of 
the corrections on the supersymmetric parameters are also investigated. The 
corrections are not sensitive to Msij(^2) (or \fJ-\) when Msu(^2) » (oi' 
\n\ » M_5j/(2)) s-^d are weakly dependent on the tan/3 with Mq (or 
being large enough. But they are sensitive to the c.m.s. energy of the incom- 
ing photons. 

PACS: 12.15.Lk, 12.60.Jv, 12.60.Cn, 12.60.Fr, 14.65.Ha 
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I. Introduction 

The direct discovery of the top quark was presented in 1995 by the CDF and 
DO experiments at the Fermilab Tevatron[|I|. This is considered to be a remark- 
able success for the Standard Model(SM), since the present value of the top mass 
determined as PDG average is 173.8 ± 5.2 GeV from the direct observation of top 
events[0], which coincides with the indirect determination from the available precise 
data of electroweak experiments. But the SM has still some theoretical problems, 
like the hierarchy problem, the necessity of fine tuning and the non-occurrence of 
gauge coupling unification at high energies. The Supersymmetric Models(SUSY) 
can solve these problems by presenting an additional symmetry. Among all the ex- 
tensions of the SM, the Minimal Supersymmetric Standard Model (MSSM)0 is the 
most attractive one at present, since it is the simplest case of the SUSY models. 

Due to the strong Yukawa couplings of top quark, the SUSY electroweak ra- 
diative corrections in top-pair production process are specially interesting. People 
believe that the accurate measurement of top quark pair production at the present 
and future colliders, should be effective in measuring the physical effects induced 
by the virtual supersymmetric particles and can afford us much information about 
the MSSM. Any deviation of the cross section of top-pair production from the SM 
predictions, including QCD and electroweak radiative corrections, would give a hint 
of new physics beyond the SM. Therefore testing this process to make the indi- 
rect search for virtual SUSY particles, is an attractive theme at present and future 
colliders. 

In previous studies, many works were concentrated on the top-pair produc- 
tion at the e~^e~ and hadron colliders, such as the LEP2, LHC and Tevatron. In 
references[Q, the SUSY QCD and SUSY electroweak-like (EW-like) corrections at 
pp colliders are presented. Recently, W. HoUik and C. Schappacher calculated the 
MSSM radiative one-loop corrections to top-pair production via e~^e~ collisions at 
LEP2 energies and found the relative difference between the predictions of the MSSM 
and the SM is typically below 10% [|]. 

The future Next Linear Collider(NLC) is designed to give the facilities for both 
e~^e~ and 77 collisions at the energy of 500 ~ 2000 GeV with a luminosity of 
the order 10^^ cm~^s~^ [0. A large number of top quark and other particle pairs 
can be produced at this machine operating in 77 collision mode with an agreeable 
production rate 0]. The events would be much cleaner than those produced at pp 
and pp colliders. It has been also found that the tt production rate in 77 collisions is 
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much larger than that from the direct e^e^ —>■ ti production both with and without 
considering the threshold QCD effect of top quark pair at center-of-mass energies 
of the electron-positron system around 1 TeV|^. Thus the process 77 — >■ ti has a 
large potential for studying top physics directly. 

The next-to-leading order QCD corrections in the SM and MSSM for this process 
both for polarized and unpolarized photon-photon collisions have been discussed in 
detail in Ref.0. There it was shown that the QCD corrections in both the SM QCD 
and the MSSM QCD are about 10% and of the order — 10~^, respectively. A. Denner, 
S. Dittmaier and M. Strobel calculated the corrections to the process 77 ti in the 
electroweak standard model and found that the correction reduction for unpolarized 
or equally polarized photons can reach almost 10% close to threshold [0. In the 



reference |TT|], C.S. Li et al. calculated the 0{am^/m'^r) Yukawa corrections from 
Higgs-sector to top pair production via photon-photon collision in the SM, the gen- 
eral two-Higgs-doublet model (2HDM) as well as the MSSM. They found that the 
correction to the cross section is about a few percent in the SM, but the correction 
can be more significant (>10%) in the MSSM. Therefore the SUSY loop contribu- 
tions have considerable effects. In this paper, we study the possible effects from the 
additional EW-like one-loop corrections through the virtual presence of charginos, 
neutralinos and squarks at the NLC. We provide explicit analytical expressions for 
the form factors which parametrize the one-loop corrections of 77 ti subprocess, 
and present numerical results both for the subprocess and process e'^e" ^ 'y'y ^ ti 
at the NLC. 

The paper is organized as follows: In Sec. II, the theory about the chargino/neutralino 
is introduced, and the relative Feynman rules used in the calculation are listed. In 
Sec. Ill, we discuss the tree-level and one-loop EW-like correction cross section, 
respectively, and give the explicit analytical formulae for them. In Sec. IV, the 
numerical results and discussions are described. Finally, we give a short summary. 
In the appendix, the form factors used in the cross section calculations are listed in 
detail. 



II. Lagrangian and Feynman Rules 

We denote the process of the top-pair production via 77 fusion as 

7(P3)7(P4) -^t(pi)t(p2), (2.1) 
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where pi^2 and ^3^4 represent the four-momenta of the outgoing top quark pair and 
the incoming photons, respectively. In this work, we consider one-loop corrections of 
the gaugino-Higgsino-sector in the MSSM to this process. At the one-loop EW-like 
correction order, the vertex 'jti is modified by the virtual exchange of two charginos 
xf=i 2 and four neutralinos x?=i~4! which are respectively combinations of charged 
gaugino and Higgsino (for charginos), and neutral gaugino, Higgsino, photino and 
zino (for neutralinos). The mass eigenstates Xi 2 3 45 xf,2 the charginos and neu- 
tralinos are respectively obtained by diagonalizing the mass matrices X and Y in 
four component representation. . The chargino mass term in lagrangian has 
the form: 

(2.2) 

with 2 X 2 X defined in reference 0]. The two masses of chargino extracted 
from the diagonal elements of matrix X are worked out as 




M': 



' 2 



I {mIu(2) + + 2m2^ ± [(M|^(2) - /i2)2 + 4mtK cos^ 2/3+ 

4m^(M|j,(2) + + 2Mst;(2)/isin2/?)]'^'| , (2.3) 
As to the neutralino sector, the mass term in lagrangian has the form as: 

Cm = -^{^pYYij'> + h.c., (2.4) 



The definition of the 6x4 matrix Y can also be found in Itll 12 



Since we do not take the CP violation into account, so all the possible CP 



phases|T^ are assumed to be zero. The physical masses of neutralinos are obtained 
by utilizing the transformation matrix to diagonalize the 4x4 mass matrix Y. 
The detailed steps to work out A^ and the diagonal matrix Yd are described in 
reference The above equations show that the chargino and neutralino masses 
are related to the MSSM parameters Msu(2), A* and tan/3. In our work we 

adopt the assumption that the SU{2) x f/(l) theory is embedded in grand unified 
theory (GUT), so we have the following relation: 



->2 



MuiD = ^Msui2). (2.5) 
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In the MSSM, each quark has two scalar partners called squarks: ql and qr. 
Without considering CP phases, the mass matrix of scalar quark takes the following 



form: 13 



The expressions of the masses for the squark current eigenstates are listed in Ap- 
pendix A Eqs.(yl.l) ~ {A.3). Then the masses of qi and q2 read 

O = li^k + T - ^L)' + 4aX]'}- (2-7) 

The Feynman rules for the couplings of t — bL,R — Xi^2 ^ ~ '^l,r ~ Xi 2 3 4 
presented in Ref.0. The squark mixing angles O^, 61 and phases 0^, (pi enter in 
the couplings when the weak eigenstates gz,, qu above are transformed into the mass 
eigenstates gi,g2- In this paper we denote the vertices in squark mass eigenstate 
basis as 

t-h-xt^ + (2.8.1) 

t-h-xl^ (2-8-2) 
i-U-X^: Vgj^, + Vgj^n, (2.8.3) 

t-l-iq^ -Vl^PL-Vli;^Pn, (2.8.4) 

respectively, where Pl,r = |(1 =F 75) and the explicit expressions of the notations 
defined in Eqs.(2.8.1) ~ (2.8.4) are hsted in Eqs.(A.4) ~ (A. 11) in Appendix A. 

For the Feynman rules of the Higgs-quark-quark, Higgs-squark-squark, Higgs- 
chargino-chargino and Z(7)-chargino-chargino, one can refer to Ref.[^. The cou- 
plings of Higgs{B) — xt " xt have a general form as 

"^xjxf = i'bx-v: + ''S:*:'" = < (2.9) 

The notations defined above which appear in the form factors, are explicitly ex- 
pressed in Eqs.(y4.12) ~ (A. 15) of Appendix A. 

For Higgs-quark-quark and Higgs-squark-squark couplings, we denote 

H^-t-t: VuHt = ^ . 2.10.1 

Im-w sm p 
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Q —igrrit COS a 

h —t — t: VhPtt — 'T, '■ — TT-i 

2mw sm p 

n —giTit cot /3 
A -t-t: VAOttlb = — ^ 75, 



2m 



-75, 



(2.10.2) 
(2.10.3) 
(2.10.4) 



The couplings of H^{hP) — Qi — Qi {i — l,2,q — t, h) are 
—igmz cos (a + 13) 



cos ^ 



12 2 
- - - sin^ 6*^^) cos^ 6i + - sin^ 6w sin^ 6'^ 



igm^ sm a 



+ 



raw sin 2mvK sin (5 



(Aj sina + /xcosa) sin6'j cos%, (2.11.1) 



-igmz cos{a + (5) 



cos 9 



w 



,12 2 
- - - sin^ 9w) sin^ 9^ + - sin^ 6'i^ cos^ 9f 



igmt 



igm^ sm a 
mw sin /3 2mvi/ sin (3 



(^tsina + jjLCOsa) sin cos % (2.11.2) 



V, 



igmz cos{a + P) 



cos 9w 
igmf cos a 



11 1 
- - sin^ 9w) cos^ 9i + - sin^ sin^ 9^ 



+ 



igmb 



mw cos P 2mw cos /3 



(A^cosq; + /isina) sin cos (2.11.3) 



V, 



H°b2b2 



igriiz cos((\ + (3) 



cos 9 



w 



,1 _ 1 

2 3 



1 

- — - sin^ 9w) sin^ ^6 + o ^^^^ 



zg^m^cosa ^g'm^, 



mw cos /? 2mvK cos (3 



(Aft cos a + iisina) sin 6*^ cos 6*^, (2.11.4) 



V, 



hOiiii — 



igmz sm{a + j3) 



cos 9 



w 



12 2 

- - - sin^ 9w) cos^ 9^ + - sin^ 9w sin^ 9i 



igmicosa igmt , . ■ \ ■ n n z^-.-. ,-\ 

— + ^rf^tcoso; — iisma) sm9fC0s9i, (2.11.5) 

mw sm p 2mw sm p 
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Vy 



igmz sin{a + (3) 

cos Ow 
igm'f cos a 



— - sin^ 9w) sin^ 9^ 



^2 3 
igmt 



sin^ 9w cos^ 9f 



mw sin /3 2mw sin /5 



(At cos a — yusina) sin 6*^ cos 6'j , (2.11.6) 



—igmz sm{a + /?) 
cos 9 



w 

igml sin a 
mw cos /? 2mvi/ cos P 



1 
2 



1 

3 



- — - sin^ 9w) cos^ 6'^ + 77 sin^ 6'vi/ sin^ 9i 



{Ahsina — /xcosa) sin 6'^ cos 6*^, (2.11.7) 



respectively. 



—igmz sin(a + /3) 



cos6' 



w 



\-\ sin^ ^ly) sin^ + ^ ^i^^ ^os^ 6'^ 



igmi sm a 



+ 



igmb 



mw cos /9 2mw cos /5 



(Afesina — /icosa) sin cos (2.11.8) 



III. Calculations 

In the calculation, we take the t'Hooft gauge and adopt the dimensional reduction 



(DR) scheme [|19|, which is commonly used in the calculations of the MSSM radiative 
corrections as it preserves supersymmetry at least at one-loop order, to eliminate the 
ultraviolet divergences in the virtual loop corrections. We choose the on-mass-shell 
(OMS) scheme for doing renormalization. 

3.1 The tree-level formulae and notations. 



In the process of top-pair production via photon-photon collision, the Mandel- 
stam variables s, t and u are defined as s = (pi+]52)^, i = (pi—Ps)^, u = iPi—P4.Y- 
The corresponding Lorentz invariant matrix element at the lowest order for the re- 
action 77 — i> tt is written as 

Mo = Mi + Mu, (3.1.1) 



where 



Mi 



f-mt 



(3.1.2) 



7 



Mu 



— rrit 

The corresponding differential cross section is obtained by 



dcio{i, s) 
di 



(3.1.3) 



(3.1.4) 



spins 



where the summation with a bar over head means to sum up the spins of final states 
and average the spins of initial photons. After integration over t, the total Born 
cross section with unpolarized incoming photons is worked out as 



327ra2 
27s 



2/3(/32-2) + (3-/3^)lnl±4 



where the kinematic factor is defined as 

/3 = 



(3.1.5) 



(3.1.6) 



The total cross section including the leading one-loop corrections in the frame 
of the MSSM is 

a = ao + 6a^~^''°^, (3.1.7) 

where 6a^~'''°"^ represents the interference term between tree-level and one-loop cor- 
rection amplitudes. 

3.2 Self-energies. 

The top quark wave function corrections SZ^s are determined in terms of the 
one-particle irreducible two-point function ir(p^) for top quarks in the DR mass 
basis. It should be written as [p^ : 



= m,) + [i>PL^]:,{p^) + iPR^ftip') + PL^!i\p') + PR^!i''{p') 

(3.2.1) 

With the Feynman rules of the interactions of top-sbottom-chargino and top- 
stop-neutralino, the corresponding unrenormalized chargino self-energies read (see 
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Fig.l(f)) 



167r2 



E 

i=i,2 



i=l,4 



i=l,2 



(3.2.2) 



S,Ri 2\ 



167r2 



i=i,2 



, i=l,4 



E ( E "^x« ^1^0 vl^*o Bo m^o , rrii^ 



i=l,2 



(3.2.3) 



167r2 



E I E iv;g^or5i[-P,m,o, 



j=l,2 \i=l,4 



i=l,2 



-LU" j=l,2 \j=l,4 j=l,2 



(3.2.4)' 



(3.2.5) 

Imposing the on-shell renormalization conditions given in Ref. pO| |2^ , one can 
obtain the renormahzation constants for the renormahzed top quark self-energies 
asi: 

6T.u{p^) = CLi>PL + Cni^PR - CsPl - C+Pn, (3.2.6) 

The 77 and 7Z° self-energies with only quark and squark one-loops were pre- 
sented in reference |p^3||. We can see that the self-energies of 77 and 7^° have no 
contribution to the relevant counterterms of the 'ytt vertex. The renormalization 



constant for the r(^^i vertex is written in the form of 



where 



Cl 

Cr 



-ie-f^'lC^PL + C^Pi 



R 



Cs 

ci 



\{5zf:, + 5zl:^), 

l{6ZS + 5Z,f), 

7L , 



if{6Zli + 6Z,f) + 6mt 



(3.2.7) 



(3.2.8) 



if{5Zl} + SZ^,^) + 5mt. 
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5Z, 



'L 

tt 



-Re^i{ml) - —Re [sf,'^(m2) - ^!i\ml) 



+ 



Sf,'^(/) + Sr(p2)} (3.2.10) 




= -i?eE«(m2) - nit— Re [mt^ttiv') + miSg(/) 
+ Sf,'^(p2) + Sf,'^(p2)}|^,^^,^ (3.2.11) 



where i?e takes the real part of the loop integrals. It ensures reality of the renor- 
malized lagrangian. 



The renormalized one-loop matrix element involves the contributions from all the 
self-energy, vertex, box, triangle and quartic interaction one-loop diagrams and their 
relevant counterterms. The Feynman diagrams for the process (2.1) are depicted in 
Fig.l, where (a) is for the tree- level and (b) ~ (f) are EW-like one-loop diagrams 
contributing to the cross section in the frame of the MSSM. Specifically, Fig.l(b.l 
~ 4) are the vertex diagrams, Fig.l(c.l ~ 3) are the box diagrams, Fig.l(d.l ~ 2) 
are the quartic interactions, Fig.l(e.l ~ 2) are the triangle sectors, and Fig. 1(f) is 
the self-energy diagram. In below, we denote them by the upper indexes of f , 6, g, 
tr and self , respectively. The relevant Feynman rules are shown in section 110. In 
the calculation, some of the s-channel Feynman diagrams involving quark loops with 
the exchanging of 7 or boson in Fig.l(e.2) can be neglected, as the consequence 
of Furry theorem. It is because that the Furry theorem forbids the production of 
the spin-one components of the and 7, and the contribution from the spin-zero 
component of the Z^ vector boson coupling with a pair of chargino is very small and 
neglectable. The calculation also shows the 7 and Z^ exchanging s-channel diagrams 
in Fig.l(d.2) and Fig.l(e.l) with a squark loop have no contribution to the cross 



3.3 Renormalized one-loop corrections. 
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section, in which the contribution from each of the 7 and exchanging s-channel 
diagrams in Fig.l(e.l) is canceled out by the corresponding one with exchanging 
incoming photons. Including all the diagrams appearing in Fig.l, the renormalized 
matrix elements for tt pair production in 77 collision is written as 

5Mi-ioop = + + M« + A^*'- + M^^'/ 

+ fbluPlf, + f6luP2f, + fjPlnPlu + fmt^P2u + hPlyP2n 

+ fioP2,j,P2u + fnhli^li^ + fuhluli^ + fishli^Pii^ + hihlnP2u 
+ hbhli^Pin + hahl'^P'in + fnhPinPiv + hshPinP2v 

+ fl9hPluP2tJ, + f20hP2f^P2u + 12175^ ixuapPl pi 
+ /2275e/.,.Q/3P2P3}^(P2), (3.3.1) 

with form factors 

fi^f:+fi+f!+fr+fr'^ (i = i~22), (3.3.2) 

Here we have divided each matrix element 7W^, Ai'', Ai^'" and Ai^'^''^ into t- 
channel and u-channel parts. For each of the corresponding form factor we have 

ft-fi'' + fi'^ {k^v,b,tr,self, i = l~22), (3.3.3) 

The vertex, box and triangle diagrams with exchanging photons(i.e., u-channel) 
are not shown in Fig.l. The amplitude parts from the u-channel vertex, box and 
quartic interaction corrections can be obtained from the t-channel's by doing ex- 
changes as below: 

^j,u ^ j^j,tj^^ ^u,p3^ p4, l^^i^), (j = V, b, tr, s) (3.3.4) 

Then we list only the explicit t-channel form factors in Appendix B. Now we can 
obtain the one-loop corrections to the cross section from the chargino and neutralino 
sectors for this subprocess in unpolarized photon collisions. 



Sa^-ioop^s) = ,ll-j%i2ReY,{Ml-5M^-ioop), (3.3.5) 

* spins 
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where = (m^ — is)±|s/9. The cross section of the top-pair production via photon- 
photon fusion at the e'^e~ hnear colhder, can be obtained by folding the cross section 
of the subprocess a (77 — ti with the photon luminosity [p!4|, |15|[ll4|, HI • 



IV. Numerical Results and Discussions 

The SUSY EW-like corrections to top-pair production process are strongly re- 
lated to the fundamental MSSM parameters through the electroweak couplings in- 
volving top-quark, squark and chargino (neutralino), i.e. V^i^+ and V^i^o as expressed 
in Eqs.(2.8.1 ~ 4). For our numerical calculation of squark sector, we take Mq, 9i 
and O-^ as input parameters, and we set 9^ = 0, and 6^ approaches |, so that the 
masses of top squark pair split remarkably, while the split of the sbottom masses is 
minimized. From the Eq.(2.7) and relevant expressions, we can see that the param- 
eter Mq is strongly related to the masses of top and bottom squarks, therefore it 
would affect the MSSM correction quantitatively in some regions of the parameter 
space. 

As stated in Section II, the correction should also depend on the fundamental 
MSSM parameters tan /?, Msu{2) and /i through gaugino and higgsino couplings. 
Note that these parameters take parts in the EW-like corrections not only through 
the chargino and neutralino mass spectra, but also through the couplings including 
their transformation matrices U, V and N. 

We take some of the general constants as: mt = 175 GeV, mz = 91.187 GeV, 
nib = 4.5 GeV, sin^ 9w = 0.2315, and a = 1/128. And we adopt the following set of 
input parameters by default, in case that the parameter is not set as the independent 
variable of the figure and no special declaration has been presented on them: 

^/§ = 500 or 1000 GeV, tan /5 = 4 or 40, 

Mq = Msu{2) = /i = 200 GeV, 

9i = 44.325°, % = 0. (4.1) 

We use the analytical formulae for the masses of the MSSM Higgs bosons (in- 
cluding two-loop leading-log corrections and squark mixing effects) given in reference 



1311 



2 _ 1 



TrM^ T JiTrM^f - AdetM^ 



(4.2.1) 



where 

TrM^ = Ml^ + Ml^, detM^ = M^^M^^ - iM^2y, (4.2.2) 
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with 



2v^ 



sinj3cosl3{X^ + A4) + XqCos^P + X'/sin'^P — m\osinl3cos(3 



Ml, 



2v' 



Xicos^jS + 2XQCOsl3sin(3 + X^sin'^P + 'm\osin^(3 



Ml, 



2v' 



X2sin^P + 2XjCos[3sin(3 + X^cos^(3 + m\ocos^[3 



where v = 174.1 GeV. The mixing angle a is determined by 

sin2a = 



2Ml, 



(4.2.3) 



(4.2.4) 



One can find the exphcit expressions of Aj(i = 1, 7) in reference ||17||. In this work, 
we take m^o = 150 GeV . 

Our numerical results are presented in figures. In Fig.2(a) and Fig. 2(b), the 
correction Act and the relative correction 5 = of the process (2.1) depending on 

the c.m.s. energy are plotted, respectively. From our analyses, we expect that 
for the curves of tan/3 = 4 in Fig.2(a) and Fig.2(b), there should be some spikes or 
turning points at \/I ~ 2mr = 403 GeV , 2mr = 415 GeV , 2m-+ = 546 GeV, and 



2m,-^ 



628 GeV due to the resonance effects. But we see in both figures that the 
first two resonance points merge each other in the curves of tan (3 = 4 because they 
are too near. For tan/? = 40, there are only two obvious resonance points can be 



seen on the curve in figure 2(a) in the vicinities of 



2m^^ ~ 



410 GeV 



and 



2m-+ 



531 GeV. While only one obvious resonance peak can be seen 



on the curve of tan/? = 40 at vs = 2m-+ = 531 GeV in Fig.2(b). 

In Fig. 3 ~ 6 we depicted the dependences of the relative radiative correction on 
the fundamental supersymmetric input parameters Mq, Msu{2) and respectively. 
In each figure we take four data sets for discussion: (1) tan/3 = 4, = 500 GeV] 
(2) tan/3 = 40, = 500 GeV; (3) tan/? = 4, = 1 TeV- (4) tan/3 = 40, = 
1 TeV . From Fig. 3 one can see the absolute value of the relative correction becomes 
generally larger when a/I goes higher. The same feature is also shown in Fig. 2. Fig. 3 
present that the absolute value of the relative correction goes down to a smaller 
constant with Mq increasing. Since Mq is related to the masses of squarks ti,2 and 
61,2 as stated in Eq.(2.7), it can be easily understood as the feature of the decoupling 
effect. We can conclude that the smaller Mq is, the more significant the correction 
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can be. We can read from Fig.3 that the relative correction can reach —2% when 
Mq is about 150 GeV, and for large Mq with same V§ the parameter tan /3 tends 
to make little difference on the relative correction. In Fig.4, the corrections as 
the function of Msu{2) ^-re plotted with the four data sets. The grooves around 
230 GeV on the two curves for = 500 GeV and the small heaves in the vicinity 
of 450 GeV on the two curves of \/J = 1 TeV , are all because of the resonance 
effect: ~ 2m~+. When Msu{2) is large, all of the four curves become very plain 
because of the decouphng effect. In Fig. 5, there are two peaks at the position about 
jjL ~ 470 GeV on the curves of — 1 TeV due to the resonance effect, but the 
resonance effects aroimd the region ^ ~ 230 GeV on the curves with = 500 GeV 
are not clear. And we can see that the correction is no longer sensitive to tan /3 and 
ji when ji gets larger than 600 GeV. This is because the parameter tan /3 and ji 
are not only related to the masses of sparticles, but also involved in some vertices 
which are concerned in our calculation. Both Fig.4 and Fig. 5 show that the higher 
the c.m.s. energy \/I is, the larger the relative corrections to subprocess are. 

Fig. 6 shows the cross section of the parent process e+e^ — > 77 — > including 
one-loop EW-like corrections as the function of c.m.s energy of incoming electron- 
positron pair. In Fig.7, the relative corrections for tan /3 = 4 and tan /3 = 40 are 
plotted, respectively. It is clear that the absolute value of the relative correction 
becomes larger with the increasing of the e+e" c.m.s energy. The reduction of 
the cross section of the parent process due to the one-loop EW-like correction can 
approach to one percent. 

V. Summary 

In this work we have studied the complete one-loop radiative corrections from 
the gaugino-Higgsino-sector in the process 77 — > tt in the frame of the MSSM at the 
NLC. This process has great importance at the future NLC operating in photon- 
photon collision mode. From the numerical calculation with several typical sets of 
input parameters, we find that the EW-like corrections from the chargino/neutralino 
sector can be a few percent for subprocess and can approach to one percent for the 
parent process. These corrections are smaller than the QCD corrections, but are 
comparable to the electroweak correction part from the Higgs sector in the MSSM. 
Therefore the correction from chargino/neutralino sector is also significant and un- 
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neglectable. We investigated also the dependences of tlie corrections on the su- 
persymmetric parameters. With the variation of the parameters Mq, Msu{2) and 
we can see some physical features, such as the decoupling effects, threshold 
effects and the resonance effects, where the relative correction can be significantly 
enhanced or diminished. We conclude that the EW-like one-loop correction to Born 
cross section is strongly dependent on the c.m.s. energy and the related MSSM 
parameters in some cases. We find that the correction is not sensitive to Msu{2) 
(or when Msu{2) » |a*| (or |//| >> Msu(2))- The correction is weakly 
dependent on the ratio of the vacuum expectation values tan/9, when Mq (or \fi\) is 
large enough. But it is related to the cm. energy of the incoming photons obviously. 

Acknowledgement: These work was supported in part by the National Nat- 
ural Science Foundation of China(project numbers: 19675033, 19875049) and the 
Youth Science Foundation of the University of Science and Technology of China. 



A. Some expressions defined in Lagrangian. 

In the lagrangian shown in eq.(2.6), we denote ql and qr as the current eigen- 
states. For the up-type scalar quarks, we have 



Appendix 




m, 



^M^ + ml + Qgmlslr cos 2/3, 



ttq — jl cot (3 -\- AqM. 



(Al) 



For the down-type scalar quarks. 




= Ml, + ml + Qqm\s^ cos 2/3, 



aq — ji tan /3 -|- AqM, 



{A.2) 
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where Qq = |(for up-type), — |(for down- type) is the charge of the scalar quark, 
Mq, MIj and M|, are the self-supersymmetry-breaking mass terms for the left- 
handed and right-handed scalar quarks, and sw — sin6'^, c^y = sm.6w As an 
assumption at Planck scale. We choose Mq = Mjj = = M. Since CP effects are 
not considered, the value Qq is real. When qi and qn are mixed, they give the mass 
eigenstates qi and q2- The mass eigenstates qi and q2 are expressed in terms of the 
current eigenstates qL, qn as read 

qi = qL cos 9q - qn sin 9q, 

h = qL sin 6q + qn cos 9q, 

with 

tan2^, = ^^^^. (A3) 

The explicit expressions for the notations used in Eqs.(2.8.1) ~ (2.8.4) are listed 
as below 

V^\,^ l^-cos^S. (^-4) 

^^^^3 %/2mH/sin/3 ^' ^ ' 

Vf ^ = -ig{U,, cos + "'" sin 6-,), {A.5) 

^"^^j V2m.w cos p 

^i?x+ = -'9{U,,sme-, - U,2Cose-,), (A7) 

^''^^j V2mw cos p 

Vll^o = -i^^(-^^^iV;4C0S%+ ^tan^^Ar;,sin%), (^.8) 

Vffo = -igV2{{]:tan9wNj, + ^AT )cosg,-- . iV,-4sin%), (A.9) 

"i^i 6 ■'2 2mvi/smp 

T/g) = -iffV^( ^ iV;,sing,--^tang^7V;,cosg,-), (AlO) 

2miysm/y 3 

y|)o = -igV2{{ltan9wNj, + l^V-^) sin^,-+ --^^^TV-^cos^,-), (>1.11) 
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The shorted notations defined in Eq.(2.9), are exphcitly expressed below. 

^H^x+xt ^ ^ [^^^ OiRe{Vk,iUk,2) + sin aRe{Vk,2Uk,i)] (A. 12) 

i;^o^+.+ = ^ [smaRe{Vk,iUk,2) - cos aReiVk,2U,,,)] (A. 13) 

= [sin/3i?e(yfe,iC/fc,2) +cos/3it:e(14,2C/fe,i)] (^-14) 

= ^ [cos/3i?e(T4,iC/,,2) - smf3Re{Vk,2Uk,i)] (A.15) 

B. Form Factors. In this appendix we hst all the form factors for the one-loop 
correction diagrams by using some abbreviations for following expressions. 

Bo''' = Bo[-pi - P2, ^6fc, ^bj - A, So'^ = ^d'^(^6, ^ ^tj, 

-3 • • -3 • A 

Bq'"'^ = Bo\p3 - Pi, m^o,mi.] - A, B^'"'^ = Sofpa - Pi, m^^, rrn.] + —, 
Bq'"'^ = Bo [p3 - pi , m -+ , . ] - A , B'l'''^ = Bo\p3 - pi, m-+ , . ] + y , 

'^o'*'^ C'fr^ = C'o, Cab[-pi,Pi + P2, m^o,mi^ , .], 
Co'''> C'afe'' = C'o, Cab[-P3,Pi + P2, m-+,m-+,m~+], 

-(4,fe ^4,A; 



Co' , C'^^ = Co, Cab[p3, -Pi - P2, , mi^ , mgj , 



Co'', C^l^ = Co, Cab[p3, -Pi - P2, mz , mz , 



Co'''^ C^l''\ki, k2) = Co, Cab[-ki, ki + k2, mr ., m-+, m-+], 
CV'\ Cl^''{ki, k2) = Co, Cab[-ki, ki + k2, m-+, mr , mr .], 
Co'''^ Cll''\ki, /c2) = Co, Ca4-A;i, ki + k2, m ^^o , m^-^, , m^J , 
-Dd'''^ -D^6'^ -C^b/ = Do, Dab, Dabclpi, -P3, -P4, mi.,7n^+,7n^+,7n^+ 
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^o'''^ ^th\ dI]^c = Do, Dab, Dabc[-pi,P3,P4, , 1^1. , , mi.] 
Dq''^ , D^^'^ , dI^;.^ = Do , Dab , Dabc [-Pi,P3,P4,m^o, mi. , m^. , mf. ] 
Do''\ -Dabc^ = Dq, Dab, Dabc[-P3,Pi, -Pi, mi.,mi.,m-+,m-+] 



A, 



mi 



A, 



2 ' 

u — m^ 



Ah 



m 



2 ' 



m 



H 



s — m\ s — m^ 



and 



jpihxt _ |T/(1) 1 2 |T^(2) ,2 T^tijxt _ T/(l)* T/(2) t/(2)* t^(1) 



i I I %X-I ' ^ "jX" %X- «3X- ttjXi 



The one-particle-irreducible(lPI) correction to the vertex ^tt stemming from 
squark, chargino and neutrahno can be written in terms of form factors 

Ar^it(/ci, /C2) = gi{ki, k2)k'^jr,fti + 5-2(^1, ^2)^275^1 + gsih, k2)kij5h 

+ 9i{ki, k2)k^l-,h + 9^{ki, k2)k'^-f5 + ge^ki, k2)ki^'^^ 

+ g^{kl, k2h5Yhh + Qsiki, k2)-i5l^h + ^9(^:1, k2)-i^Yh 

+ fl'io(A;i, k2)^5l'' + 9ii{ki, k2)k^h + 5'i2(^'"i, k2)ki^fi 

+ fl'i3(^i, k2)k'^^2 + 5'i4(A'4, k2)k!^^2 + 9ib{ki, k2)k^ 

+ ^i6(A';i, A';2)A;^ + ^17(^1, k2)Yhh + ^i8(A:i, A;2)7^l^i 

+ ^19(^1, k2)-i^f2 + 92o{ki, k2)Y, 

where ki and k2 are the four-momenta of the hghtest top quark pair and along 
their outgoing directions, respectively. In the equation above, the form factors of 
the Lorentz invariant structures including 75 do not contribute to the cross sections 
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of our subprocess. Therefore we shall list only the explicit expressions of the form 
factors Qi (i = 11 ~ 20). The form factors g'j (i = 11 ~ 20) are expressed as follows. 

^11(^1,^2) = T^E E ^^'M^n ^' - ^1^" + ^2¥'^' + ^^^^^^^ 

"^^^ i=l,2 j=l,2 
^^'^ i=l,4 i=l,2 

^12(^:1, A;2) = T^E pf'"^ - 

-■-OTr i=l,2j=l,2 
"^^^ i=l,2 i=l,2 

+ ^^3* E E ^"^^^ - c^' + 2C,^^'^' + 2C,«^'^K^„ ^2) 

-^^^ i=l,4j=l,2 

9.^{k.M) = T?^E E ^^'M^^o'^" + ^^n - ^2¥" + ^^^^^^^^ 

-^^^ i=l,2i=l,2 

+ ^^*E E ^?'^'(^12"-2^22^"+2C|^''^)(fc^ 
-^^^ i=l,4j=l,2 



gu{h,h) = T^E E ^i''^'MCi^" + ^^2^")(^i,M 

■^•^^ i=l,2i=l,2 
"^^^ i=l,2 j=l,2 

- Jh^tE EG?'^'(^i2" + 2c,««)(fc,,fc2 

•^^^ i=l,4j=l,2 
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167r^i=l,2j=l,2 

•J^"^ i=l,2 i=l,2 ' 

+ #2^*E EGf'^m,o(Co«« + 2C,t^-2C,t^Kfci,^2) 

-^^^ j=l,4j=l,2 



5l6(fcl,M = T^E E ^2'^'^^X+^12"(^1'M 
■'■'^^ i=l,2j=l,2 



E E i^2^'^m-+(C7o^'''^ + 2C[^'^)(fci,fc2) 

i=l,2j=l,2 



E E G;*^''m,o(Co^« + 2C,t^)(A;i,A;2) 



327r^ i=i,4j=i,2 



^i7(A:i, ^2) = E E i^f^'M^^o'"^' + ^^ff'^K^i, ^2) 

'^^^ i=l,2j=l,2 



^18(^1, A:2) = ^19(^1,^:2) = ^ E E i^2'^*^m-+Co^«(A;i,^2) 

•^^^ i=l,2j=l,2 



52o(fci, ^2) = E E ((^ - 2)<^2r"' + {k, ■ h){C!t'^ - C^^ + C^^ 

"^^^ i=l,2j=l,2 

-ml^C'o'''^){k,,k,) 

+ tI^^^E E^^*'^24'^(^i>^2) + :r^g*E EG?''^24'^(^i>^2) 

Then the form factors in the renormahzed amphtude of the t-channel vertex 
diagrams in the process 77 — > tt can be written as: 

= = 2, 3, 6, 7, 9, 10, 12, 13, 16 - 22), 
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/i'* = 2ieQt{pi-p3)At{mt[gn{pi,p3-pi) + gn{pi-p:i,P2)] 
- gi8{pi-P3,P2) - gi9{pi,P3-pi)} , 



fl' = 2ieQt{pi ■ P3)At bi2(pi - P3,P2) - 9u{pi - ^3,^2)] , 



/s'* = -2ieQtAt {ie [C+ + C"] + (5^11(^1, - pi) - 5'i2(Pi,P3 - Pi) 

- 5l3(Pl,P3 -Pl) +5l4(Pl,P3 -Pl) - ^17(Pl,P3 -Pl) +5l7(Pl -P3,P2)) 
+ (Pl •P3)(^13(P1,P3 -Pl) -i/l4(pi,P3 -Pl) +2t/l7(pi,P3 -Pl)) 

+ "^4(5^15(^1,^3-^1) - 5'l6(Pl,P3 -Pl) +5'l8(Pl,P3 -Pl) -5'l8(Pl -P3,P2) 

- ^19 (Pl , P3 - Pl ) - «/l9 (Pl - P3 , P2) ) + 520 (Pl , P3 - Pl ) + ^20 (Pl - P3 , P2) } , 



/s'* = 2/1/ = 2ie(5tAt {mt [gii(pi - P3,P2) - 9i2(pi - P3,P2) - ^13 (Pi - P3,P2) 

+ 914(P1-P3,P2) - 2gn(pi - P3,P2)] + gwiPl - P3,P2) - gwiPl - P3,P2) 

+ 2gis(pi-P3,P2)}, 
fu = -ieQtAt{ie{C'^ + C~)+mt{gi7{pi,p3-pi)+gi7{pi-p3,p2)) 

- rnt{gis{Pl:P3 - Pl) + gis{Pl - P3,P2) + gi9{PuP3 - Pl) 
+ gn{Pl - P3,P2)) + g2o{Pl,P3 - Pl) + g2o(Pl - P3,P2)} , 



pV,t £V,t 

Jl5 



fii{gi{pi -P3,P2) giipi,P3 - Pl))- 



The form factors from the renormahzed amphtude of t-channel box diagrams(Fig.] 
are expressed as: 



i=l,2 j=l,2 



2pi-p2(/^lY'^+i?2'5''''-I^2'3"^'^ 



+ 2pi.p3(/^ir +^23"^+^24"--25 "-26 ---13 

+ 2p2 • P3(^23'' - D]i'' - Dli'') + ml{2D]:t^ + 2D^^^ - 2Dlt'' - 20^3 



^0 



Din + 2^27'''' + ^^+^0"''] + Ff'^ {2pi • P2m*(L>i^^^'^' 
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+ 
+ 



'23 



+ Dl^'^ + 2Dlt^ - Dli'^ - Din + 2pi ■ PsmtiDli'^ + dI^'^ 

r)p,i,ij opi^AJ p,i,i,j p,i,i,j ri^,i,i 



■37 



^37 



13 



-^^25 



-^^26 



X 



(^0 



(4 - e)D., 



Ai L J 



■'■'3^ i=l,2j=l,2 



26 

167r2 ^ 

i=l,2j=l,2 



b,t 



le 



167r2 



E E 

i=l,2 j=l,2 



167r2 



4=1,2 j=l,2 



Xi 



167r2 



i=l,4 j=l,2 



-ie^Qb 
167r2 



E E 

i=l,2j=l,2 >- 



n^'*J ni'«J n^'*'-? 

9 -'-^26 -'-^310 -'-^37 




8^' i=l,2,=l,2' 



22 



\" r"iX?/r)3,i,i 

-j-T 2^ 2^ '^1 1^311 

°^ i=l,A 3=1,2 



'312 



°" i=l,2i=l,2 



'311 



P6,t _ 
/4 — 



+ 



j=l,2j=l,2 



1 o 



D^«) + 2p2-P3p26"' + ^, 

+ 



^l 



33 

li*i3 
■33 



^38 ^-^^23 ^-'^39 -'^22 



'37 ) ^ ^P2- P3y^26 -r ^33 ^38 " ^-^39 " -^23 J 



+ (6 - e)Dl^ ~ 2Dl^'^ - (4 - e)Dl 



'312 



^12 



°" j=l,2j=l,2 



{D. 



U.U2 



y 

.ii:2,=i.2 



E^i 



27 



-'^311 



^3i^^) 



/l 



+ 
+ 



— 



E E ]2F^*^m,m,.(D^ 



+ F^-*^ [2p2 ■ P3(/^^5"^' - i^26"^) + + ^2f + 21? 
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• 2D^' 



D^) - ^ E E Gf^'^l^^^'^ + ^^iV 

°^ i=l 4 -1 = 1 ^ 



87r2 



E E^i 

j=l,2 i=l,2 



1-^27 + -^311 



i=l,4 j=l,2 



^3^^^)-^E E{ 

j=l,2 i=l,2 



'12 



'i^^V-^13 -^12 7 "l"-^l _ , „„ „„ , 

+ 2p, . p,{2D'^^^^ + 2D^ + D^^^ + ^3^^^'^- - 2DU^^ - D^^ - D^'^ - 
- Dtn + '2p2-P3{Dtt^ + Dti^^-Dt^^^-Dtn+rr^{D' ' ' ■ ^ 

0P3^3^-^31V)]} 



(4 



- e 



23 



•b,i 



+ 
+ 



-D. 



'37 



■D- 



310 



i9 -^33 y I ""ty-^ab ' ^-^33 -^13 ^-^37''') 

- (4 - e)Dlt^] } + ^ E E ^^'^^3^r 

^"^ i=l,2 j=l,2 



313 "I ;r~T~ 



^^33^'^) + 2pi • P3(i^2'6''^' + D'^^ + Dti'^ - Dti'^ - Dt^'^ - Dti'^) 
2P2 • P3(^3'3''^' - Dt^^^) + mliD'^t' + '^dU'' - dU'' - 2DU'n 



2pi-p2(/^3t'' 



■b,i 



87r2 ^ ^ 

+ Fl^'^^mt(2Dlt'' + dK'' + Dli'' + D^iV + ^31'' - '^D^'' - D]i^' 

„V2o2 r r 



n^,hj r)i,i,j n^'^d) 

U^r) UoA J 



^25 



-'^12 
n2)«>i 

-'^310 



'34 



^35 



Stt^ ^ ^ 

i=l,2 j=l,2 



-^31 - ^-^24 - -^12 



i=l,4 j=l,2 



- D. 



)3,iJ 
24 



^.fi:2,tr2- 

2 ) 



d: 



32 



24 



i=l,2 j=l,2 L ' 



— jyi2 — J^u > 



°^ i=l,2j=l,2 



^2 ^x^[J^13 -T D-) 



^25 



-^310 



87r2 



E E 



ttjx 



^26 



->3,i,i 



j=l,4 i=l,2 



J^25 



^310 ) 

mt{D 



E E 

i=l,2 j=l,2 



24 "T -^34 



310 . 



/9 



— ^ — ^ 

87r2 ^ ^ 

O'' j=l,2j=l,2 



E E 

=l,2i=l,2 

Qt \ ^ \ ^ 

S7r2 ^ ^ 

°^ 1=1,4 j=l,2 

ie'^Qb 



E E i^2'^''mv+(^2t'^ -^2t^) 



87r2 



i=l,2i=l,2 



4,iJ 
25 



D 



4,i,i^ 
310 ; 
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87r2 



i=l,2j=l,2 



87r2 



E E 

i=l,2i=l,2 



25 



2/n2 

t 



+ 



87r2 
87r2 



E E 

i=l,4j=l,2 

E E 

1=1,2 j=l,2 



T^y+i^2b TTT't[^25 + -^310 j 



/ll 



2pi - Pal-Das' 




+ (4-6) (i?^^^ - D^^)\ } + E E Ff'"^ iDi^ - D^) 



+ 



r^tjX° ( j^3,i,j r>^,i,j\ I V- V- p^^bjxf ( r^4^,i,j\ 

1R^2 ^1 1-^313 - -t>'312 J + o ^1 1-^313 " -^^'sil J 

i=l,4i=l,2 i=l,2i=l,2 



J 12 



■ 



—26 

167r2 



E E^^ 

i=l,2j=l,2 



"T -'-^312 



313 



^3i^) + 



(^27 



^313 ) + -,^_9 2^ 2^ ^1 



167r2 



167r2 



312/ ■ ;^g^2 

E E ^^"^ (^313 
i=l,2j=l,2 



1=1,2 j=l,2 
312 ) 



i=l,4j=l,2 



4,i,j 
27 



-'^311 J 



/l3 



167r2 ^ ^ 



j=l,2 i=l,2 



p%Xi / 7-)l,ij 



^12 



Din] 



D 



12 



/l4 — 



E 



167r2 ifi;2,=i,2 



26 



-"-OTT j=i^2 j=l,2 L 

.•2^ r - 



^6 ^6 

167r2 2^ 

-^"^ i=l,2 j=l,2 



^2 



fb,i 
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^2 



+ 



^ — > ^ — > 

167r2 ^ ^ 

i=l,2i=l,2 

2. ^2 



t--'-^13 



— 

"8^ 



=l,2i=l,2 



• 2 

n^'^'J nl>*>i nl'»'i^ \ " \ ' rp^'^i^t / p,2,i,j , p.2,i,j , p.2,i,j , p,2,i,j 

J^U ~ -^37 ~ -^38 J 2^ 2^ -^1 1-^24 +-^26 +-^34 +-^37 

""^ 1=1,2 j=l,2 



,2/n2 



n2>*j n^'^'i n2,«,i D2,i,j r)'^,hj\ ^< \ " \ " /^**jx°/7-) 

-^38 - -^22 - -^25 - -^35 " -^36 " -^39 J ^Z^" 2^ 2^ ^1 K^: 



■'24 



l,4j=l,2 



n^,i,j _|_ n-^'^'J -L r)3'«j i ns.j.i n^'^J nS/'J n3,j,j p)3,i,j p)3,i,j\ 

J^26 "T -^^34 "T -'^S? "T -'^38 -'^22 -'^25 -^^35 -'^36 -'^39 J 



87r2 

^^34 



-^26 



i=l,2 i=l,2 

37 "-^38''^) 



^4 _ ^4,ij 



"=1,2 j=l,2 



^38^") - ^ E E Ff^^C^D^' + ^l¥" + + + ^38^'^' - ^12^'^' 

°^ -=1,2 j=l,2 



27 



^'^ i=l,4i=l,2 

+ ly^' + + ^3^'^ - ly^' - ly^' - - - - Ditn 

ie Qb \ - \ - jp^hxt ( j-^4:,ij , , , j-)4.,i,j 7-)4,ij 

~ r, 2 2^ -^1 +-^26 +-'^310 +-'^35 ~ -^23 "-'^24 "-'^34 

i=l,2j=l,2 

- ^37^'^) 



.6,t 
/l9 



-le 



87r2 



E E Ft"'' iD^' 



-'-^310 



p,i,i,j p,i,ij p)'i-,i,j r)i,i,j 



'26 



'37 



'38 



i=l,2j=l,2 



E E ^'^'^ (^3^" + Dli' - D^' - D^) - 



87r2 



i=l,2j=l,2 



/n-^i^j I n-^'*J n-^'*J n^-^J^ 

l^i>'37 -|- i^38 — ±>'39 — i^3j^o J ~ 



87r2 



87r2 

' E E ^'^'M^2^'^ + ^: 
i=l,2j=l,2 



E E G\ 

i=l,4j=l,2 



35 



r)4,ij 
-'^39 



n^'*'.? n"''*'-' n'''''J'\ 
-^26 -^^310 -^37 J 



-)4,i,j 



l4,jjN 



J 20 



— 



E E^i 



o_2 ^ ^ ^ i V"^J ' "csy "^D "da / o 2 

j=l,2j=l,2 °" i=l,2j=l,2 



(i)2'6^'^+i^3r-^2T'-^3r)- 



2,j,i 



)- 



87r2 



E E ^^'^^ (^2^'^' + ^35^'^' - ^2t'^' - ^37^'^) 



o 2 2^ '^-^26 + -^38 - -^23 

o""" i=l,4 j=l,2 

.4,ij n'^'^'J 



i=l,2j=l,2 



/2i,22 — 0- 



The form factors in the renormahzed amphtude of the quartic interaction dia- 
grams in Fig. 1(d) have the form as: 



—le 
32^ 



E E (^2 

j=l,2 j=l,2 



28 



i=l,4i=l,2 



fe=l,2 



k=l,2 



= 0, = 3 ~ 22) 

The form factors in the renormahzed ampHtude from the t-channel triangle dia- 
grams depicted in Fig. 1(e), are hsted below: 



fl 



tr,t 



ftr,i ^ _ 



°" fc=l,2 
■Y3,fc\ 



2pi • P2C22 + (Pl • P3 + P2 • Ps)- 



S3,fc 



,2^3,fc 



,2 ^3,fc 



87r2 



E ck'- 



k=l,2 
4,fc 



ftr,i 



A;=l,2 



.2^)2 



47r2 



l<-^23 ~ <-^22 ) 

fc=l,2 



/f'* = 0, = 3-6,11-20), 



29 



where C24 = C24 — j and C24 = C24 ~ ■f- The form factors in renormahzed am- 
phtude of the self-energy corrections Al**'* from Fig. 1(f) in t-channel, are expressed 
as: 

//'* = 0, (^ = 2-4,6-10,12-22), 



167r2 

+ E E 

j=l,4 j=l,2 

+ E E 

i=l,2j=l,2 



/r 



-pi ■ ps \lQiT^{Cs +Cs - mtCi - rritCR) 



m^+F2 







hi - ^- 



{l67r2 [nitiCs + C+) + (pi ■ ps - m\)[CL + Cr) 



+ EE 

i=l,4j=l,2 

+ E E 

i=l,2 j=l,2 



mtm^oOf^' B^o'''' + (pi ■ p3 - m^,)Gf^* B^'''' 



In this work we adopted the definitions of two-, three-, four-point one-loop 
Passarino-Veltman integral functions as shown in reference and all the vector 



and tensor integrals can be deduced in the forms of scalar integrals |25 
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Figure captions 

Fig.l The Feynman diagrams at tree level and EW-like one-loop diagrams in the 
MSSM for subprocess 77 ti. (a) tree level diagram; (b) vertex diagrams; (c) 
box diagrams; (d) quartic coupling diagram; (e) triangle diagrams, and (f) self- 
energy diagrams. The t and b that appear in diagrams have two physical particle 
eigenstates, while have four mass eigenstates, and have two. The diagrams 
with exchanging incoming photons are not shown in the figures except for Fig. 1(d). 
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Fig. 2 The corrections as tlie functions of c.m.s. energy \f§ for subprocess 77 
ti. (a) the absolute corrections; (b) the relative corrections. The solid hue is for 
tan P — A and the dashed hue is for tan /3 = 40. 

Fig. 3 The relative corrections as the functions of Mq for subprocess 77 — >■ tt. 
The solid line is for tan/? = 4, = 500 GeV, the dashed line is for tan/? = 
40, = 500 GeV, the dotted line is for tan/? = 4, \/I = 1 TeV, and the dash- 
dotted line is for tan /? = 40, = 1 TeV. 

Fig.4 The relative corrections as the functions of Msu{2) for subprocess 77 — > tt. 
The solid line is for tan/? — 4, — 500 GeV, the dashed line is for tan/? = 
40, v^I = 500 GeV, the dotted line is for tan/? = 4, = 1 TeV, and the dash- 
dotted line is for tan /? = 40, = 1 TeV. 

Fig. 5 The relative corrections as the functions of 11 for subprocess 77 — > tt. The 
solid line is for tan /? = 4, = 500 GeV , the dashed hne is for tan/? = 40, \/§ — 
500 GeV, the dotted line is for tan /? = 4, = 1 TeV, and the dash-dotted line is 
for tan/? = 40, ^ = 1 TeV. 

Fig. 6 The cross section including the contributions of one-loop EW-like correc- 
tions for the parent process as the function of e"'"e~ energy ^/s. 

Fig. 7 The relative correction for the parent process as the function of e'^e~ 
energy ^/s. The sohd line is for tan /? = 4 and the dashed line is for tan /? = 40. 
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